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(54) Title: DIRBCT PERICARDIAL ACCESS DEVICE AND METHOD 
(57) Abstract 

The invention la directed to a device 
amt3cthod f or mmtihafly invasive access 
to the njtfcardlal space of a human or 
animal patient the disclosed pericardial 
access device includes a penetrating body 
mobu^wifcm me mme¥ (B) 
guide tube (14). The distal end of the 
* includes a shoulder to buttress 
tissue drawn into- the guiide tube 
km force applied to the "guide 
tube lumen. The penewiflug body ®2) is 
subseoucntty diataOy advanced within the 
guide tube to access the pericardium (2). 
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ites back to the time 



10 of G^en^02£?2^ aijatomisfewtePcreated the torn 

"pericardium." The pericardium (pericardial sac) is a conical membranous sac in 
which-the heart an^ Gray's 
Aoatomy^ ^l^^^^pth^Slf^eO. The^pericardiumis fluid-mied and 
preveiftdij^ and 

15 maintains th^Jh^ Ittalso provides a*amer to the 




andttehe^ko&w and 
includes the fluid therein. It has been reported by othersthaTwhett fhiid is injected 
20 into the pericardial space it awniniiilates in the atrioventriciilar and interventricular 



g^v§3^irti^k$y^^^^^ See, Shabetai R, "Pericardial and 



,r - Cardiac leaafyp^A ^^^^ 77; t f 198&). 
>' J&grisardioc^rt^jdSi or puncture of the pericardium, heretofore has 

been performed for 1) diagnosis oCpaicardial disease(s)*y study of the pericardial 
25 fluid; 2) ^i^^ ofipericardtalfluidpfbf the treatment of acute cardiac 

tamponade; and 3>infusion of therapeutic agents for the treatment of malignant 
u - eflu^on oriftraors. T*us; atpre^feinli^ericardial injection of drugs is clinically 

r gaBgaaa^^ Drags that have been 

*30 «y ec^ inb^^^rie^r^ (sclerosing) agents, such as 

tetracycline ^dibl§Qfliy!^ sucbas streptokinase. 

,.; ; Intrapericai^tdrugtdeUvery hasnot been clinically utilized for 
heart-specificitS^^ pathology is m>nnal, because the 

pericardi^spaeeds normal access without invasive 

35 surgery or risk of cardiac Aijliry'by stamlard needle perieardicK^te^ techniques. 
- Normaliy^pericarcUocente^ 
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monitoring of pericardiocentesis, using the pericardial needle as an electrodeis 
264:71 1 <M>6% Goteman M^ret ai.^^d^ftsfi^g^e^lteedle," i 

f r ; HeartJ » 28:566 < 1966 * ^^emmm^'^m^mm^ 

^cations of^PnnetureDuri^ 
J^f^e^ ^a^^ i^ocani^ 
10 ^^^^ 

. etal,, ^«n«efeiea%etii&^^ j. 



in 




a However, dieie^^on^fet^bi^se^al^^saigedte' 



15 



20 




is smalt 



i of fluid, e.g.,b!ood> 

U.S. PatentNo. 5,071,' 
r accessing 

i leads. Thismethodfle^iuires 



25 



scalpefr^eard^omy) under direct 




30 method generally involved^ 



methods 



35 



long-torn delivery via a catheter 

•••• ■■^miamB^m 



apparatus uses suction to "pull? 
in an outer catheter, thus i 



ofdefibrilliatidn^ectrodes. 
umsoBteaeedle ^coLlSv lines 54- 
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57). Oneof the^stated pi^ loss of suction. Col. 15, lines 

4-5. A s^hrtionrtoithe^ to apply suction to 

pgU tbepOTsari^^ stabilize 

5 sutured thetcathster. toaddhion Mother disadvantages the added step of suturing 

fctbisiinethodis*^^ 

Another method for intrapericardial injection of agents is performed 

by a device, ayaUj≤under the name PerDUCER** pericardial access device, 

svailabfe fcm,^ Avenue; NE, Columbia 

10 Hfjg* 1 *** MiimBSBto&S&h WhiR&tot&n^jaxfan to create ^lifted section of the 

pericardmn^ caBe&^ 

device by ^suction fox^exertecfcthrot^tea side wall port that bin a plane parallel to 
( the longitudinal access of the device, Once formed* the bleb is punctured by a 
needle of limited travel that penetrates the?bleb in a direction substantially tangential 
15 to the epicardial surface of the heart While creating a blefrby suction through a side 

te approach to the^leb can reduce the 



20 




25 



ofthe a device. 

Accordingly, there is a need for an accurate system forlocalized 
penetration of the pericardium^w^ieh has4ow risk of causing penetration or 
iaceratioivQf the myocardium. Moreover, there is a need to effectively penetrate the 

penetistKm. 



Snmmary of the Invention 

The present invention provides a device and method for safe access to 
the pericardial space without injury to the heart, in order to aspirate fluids directly 
from or to directly deliver fluids, i.e. , therapeutic drugs, to the heart muscle or 

30 associated vasculature. With such safe access to the heart, complications from 

contacting the heart muscle are greatly reduced and nearly eliminated. Additionally, 
by directly delivering drugs to the heart muscle via the pericardium (pericardial sac), 
side affects asspgialediWith drugf dehvery by cxmventional Administration methods, 
i.e., oral or injection* can be reduced, such that reduced dosages are needed to 

35 achieve the desired effect of a specific drug. Moreover, the present method for 
direct delivery of a drug provides for a wider range of drugs to be used. 
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oenet^n. *J ^^cc^oc^ to the itfvcotion includes a 

Acco 

the?bnnenof^ieguii 
10 thcguidje tube. That 




15 ^^^^ W T WWW ^^ '^^^^mm^mt^bm 



20 ^^^^^^^^^^ 



25 hmituigAe axial mobility of the penetrating bo^ 

extent s ^ me embod tottas, a pericardial access device can include an 

e^or^hav^arevers^^^^ 



30 




Bi 



FIG. 1 is a 

HO - 2 ^a>^tudinallSeetfen«of an ^^embo^u^ofa periemhal 
access device of the invention. pwieannai 
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< - /o MQ^isato^^^ 

of a pericardial access device of the invention. 
<t , r.^raG;^is^ of a secoratembodiment of a distal 

end of ^pericardial accessdevice of^in^tionJ 
ufc ■ »EKL S^alonptiiditinhs^onofthe^bodim^ of FIG. 3 without 

penetrating body ^ u 

. - m®^^ 

jK^caidi^ 

ItFlG^^ 
1Q aecess.dfevieeiej^ 

FIG. Sis a longitudinal section of the distal eiid of a pericardial 
accesa device eirclosedin a^shl^ \vi^ hatch. 

15, PfetaJed Desert^ 

JFheiiwenti^^ 

componentstthroughoutthe^ The illustrated cSnbodimfcnts and 

>. thafeimss^ tfcs&pefcififcation, guidance is provided through lists 

of examples Wsa<^ii$tanee£^^ serves only as a representative group. 

It is not;meant^ howeVer,*bat the^ 

: 25 proyide^aqfin^?loea%aGcess to the pericardial space of a humafi or animal patient 
for introduction^ a^inaterial th^ehH with adow*isk of mycK^rdial injury during 
access, Onee>the jrericaidiafcspare^^ a 
catheter> is inserted into this space for fhUd ? \Vithdra\Val W<feliv^y of a desired 
ma teria l. 

30 Asused herein, the term "material" refers to any material that can be 

gasses, liquids or solids. 4< Materials? ^:inchid^phaimaceutica^dipaits such as 
vasodilates; antiplatelets; aMcoagulant^ thrombolytics, antj-inflarriTTiatories 
antibiotic 4ibriiK>i^ antimitotics, angiogenics, 

35 antiatherogenic, etc. *?Materials" also include heated or cooled fliiids (e.g., ice 
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that can pass through* material transport tuheindudmg^fbr example, implantable 
electrical leads. ... . 

,One problem wftb son»pric^sysitems^rac<»ssing the pericardial 
space using suction is illustrated in FIG. 1. As^own, when tube ! ^ contacts the 
pencardium 2 andrsuction<arrows>is appHedtoJiimen 3,bleb 4 is formed within the 
himen3. AsapiercingmstxumentS.su^^ 

MeM»tt»b!eb4eaj*b*push^ 1 an^^ 

ambient aim*** mat, for^e^fe* afrow;7, mt»*rca^^.i»eiiiim seal which 
can resulfeiBipring otiw^ 

the guide tube* . construction of 




proxhnaMod.^whtcn^nduJe^3>l 



... (-cross-section 

view of one embodiment of wp^caidMaccessMe^ee aeeordh^ to the invention 
m this embodmient, the device 10 has a distal end 11 including a penetrating body 
12 that is axiaUv mobile within hm™ Hrf,«*a^, M The device 10 has a 

holding and operating the 
MKuidle^giim\i€efc*in^ inlet assembly 17 

and ag^ wirc poiWS 

penetiating hody 12. Aeconft^tiied^^ 17 need 

hofcbe tocafedat the pjoximafcead **>MN^be4#sal^^ a 
suetioofoeetoJ*^ 

lhe*vacunn»inl^sseml% i%btm^mvikusmxmetaBt n having 
a distal end 22 that is in fluid comtannieatilB»witi* g«1o^ lume»13. The 
proximal end 23 of the vacwimiiilBtasseatt^^^^ such, as a 

Iuer4ocfe^ connecting asucti0»s0uice^ The device 

lOalsoineJndesa sealin^mechaM^ 

vacuum inlet channel 21 whieh^wtfen asuetioarforce^applied^thw^iide tube 
lumen 13»peraifc*axMn«iye*i^^ 

to the guide tube lumen 13, when the penetiating body'l?2% moved, 

FIGs. 3 and 4 are longitudinal section views of two different 

10 according to the 
5 ** ^ M^ttdaplsefetion^ewiof the distal end Hof guide tube 14 
asfflustrated*nvFIG. 4 without penetrating body 12 or guide wire 19. 

Gcnejan^g»ide tube 14^fti«dnvehtiteatt be prepared from 
plasti% stainless steely titanfun^^eeiaii^^ 

t of a guide tube. At the distal end 1 % guide tube 14 

le tube lumen 13 opens to the exterior through a 
distal port 31. Thus, the distal port 31 ismaplanethatisperpendkulartothe 
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longitudinafcaxis ofegtfide tube 14 fV^¥ of FIO. 5): It will also be appreciated that 
the distafcport 3 1 >w in< a plane tha^i^^jaaicular to both th£ direction of axial 
movement ofcpenetrating 
(arrow B) through guide tube*lumen 13; 
5 Referring to theoutside diameter D 0 of the guide tube 14 can 

be about 3 nam to 12 mm; typic^ about 6 mm to-8 mm. The diameter D, of the 
guide tube lumen l ^can be abouJ^mm to 1 1 mm: At the distal end 1 1 of guide 
tube 14 near distal port 34, diameter^ of the guide tube lumen 13 is narrowed by 
an axial projection 3&or shoulder 33, that^has a longitudinal dimension D 3 and an 
10 axial dimension D 4 . The^aspeet ratio at the distaltip30of lumen 13 that results 

fiom dimensions D 3 and D 4 of ' shoulder 33 permits formation of the below described 
"bleb." As usedttoaein, "aspect ratio" is the ratio of hole cHameteir to cylinder length 
(Le., Dj-Dj)- According to the ii^^ 

the cylinder length, iie^ D, The aspect ratio is generally, at least 1:1, typically 
15 greater than about:2rl, preferably greater thkn 4:1 • 

Referring to FIG; 3, a shoulder 33 can be formed by rolling or folding 
thedistatendS^^^ 

Alternatively, referring 4p FIG*45*he shoulder 33 can be an axial protrusion 36 fiom 
the guidttubewaU 35jiear the distal ^ The shoulder 33 can be continuous 
20 around the circumference of the lumen 13 or intermittent As .used herein, 

"intermittenr refers to a shoulder^33 thafrhas gaps around the circumference of the 
lumen but still functions as describedbelow. It will be appreciated that other 
shouldenconstructions that are not illusttate*here but which provide the below 



25 Referring to FIG. 6 there is shown the embodiment of a shoulder 33 

of FIO. 3 in use. ^According to the invention, aspiration is applied to create a suction 
force (arrow B) toithe lumen 13 of guide tube 14 to form a bleb 40 of parietal 
pericardium 41 which surrounds the heart 42. As used herein, a *bleb" refers to the 
pericardial tissue which is drawn into the lumen 13 of guide tube 14 through distal 

30 port 31 when suction is applied to th e lumen 13. Once formed, the bleb 40 is 

buttressed by shoulder 33 in a position that reduces the likelihood of the pericardium 
41 moving away from* distal tip 30 of guide tube 1 4 and breaking thepoint of the 
vacuum seal 43 when bleb 40 is contacted by the distally advancing piercing tip 45 
of the below described penetrating body 12. As piercing tip 45 is advanced distally 

35 to pierce bleb 40^theibleb 40 can mushroom outward forming edges 46 which are 
buttressed by the guide tube shoulders 33 fixing the position of bleb during piercing. 
Fixing the Web in place by the shoulders of the invention provides for atraumatic 
and -accurate access to the pericardial space. 
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Referring now toBS. 5, the longitudinal dimension D, of shoulder 
33 can be about OS mm to 5 iaip r t^^al^^iaiiisto4^iii& The 
longitudinal dimensionB 3 and a^dpnensioiis D 4 of shouide* 33-deternrines the 
aspect ratio which should be sdected oj^o»conadei^on»s«eh as pericardial 
elasticity, pericardial size, pericardial thiclps^ amounts fluid, amount 

of suction force exerted,,et(x Thelongh^tdinal-ninien-rfon^, and axial dimension 
P4, %uldbpsuch that th^ is sufficiently 

butti^sedtosp^^ 

diamet^Da^f about* in^ 

tw orraiw fotet»dt^*h^ mm, and a 

loi^t«dhjd =Shojd^^ mmcieaiih^diatal port diameter D 2 

of about 2.5 mm and an aspect ratio of about 5: 1. 

Re%^now»to*SJGsi.2?4,t^ 
stnicture baring a distal Benete^end4^^sh^^Miig^^ fi» 
penetratmgthe.peri<ardium. The^penetrating fcody h2 ha^proximal end 48 that 
extends to ^^ thfthandle region 1& ; *n axialOmn**^ ^ length 
of penetiatingjbody 12^opens«djsJally at apeneuatingjeji^f andsproxmuuTy at the 
guide wire port 18 to provide a channel : 
derice 10 jnlathe pericardial space. 

12 should provide, for axial mobility within me guidembelu« The inside 
diameter of the guide tube lumeo<20 should aUow^for passage wire 19. 

In a typical embodiment, the guide wire diameter can be about .2 mm to .8 mm. 

The distal penetrating end 47 of the p<metrating body 12, including 

1 a materiaMhatcan resist deformation 
when functioning to pierce the pericardium. Suitable materials include, for example, 
stainless steel,titanium, titanium alloys, etc. The proximal end 48 of the penetrating 
body 12 that extends to the handle region 16 can bea unitary stnicturerhaving a 
lumen condnuous with penetratw 12 
can include one or more proxiinalsseginenjs (not shown) that have a lumen 
continuous with the lumen of the distal penetrating end 47. If proximal segments are 

t tO mailltfliil & 





guide tube lumen 13 can be limited to prevent piercirigtip4& 
beyond the distal tip 30 of guide tube 14 which can result 
myocardium. Preferably, however, the distal travel of 



ofthe 
12 b 
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stopped before extending beyon&the distaktip 30 of the guide tube $4. Referring to 
.FIG. 2* intone ^bodiment, a liimting^m&hanism 50 can be located in the handle 
t re#Qn4£of<the device 10. As shown -mWlQ* 2^the limiting fteet&nism SO can 
include a collar-51 rigidly attached to thepro^ 12. 

S Distal travel of the penetrating body; l~2 i<r stopped when collar M contacts the 

proximal aspect 53 of vacuum inlet assembly 1?; Insthe illustrated embodiment, the 
collar 51 is fixe$J tasleeve 52 wWcteprovidCT a griirfor rotating** moving the 
peu£$ratijig body 12axially. In alternative embodiments, a limiting mechanism can 
be iocateciin the distal aspect of 4he guide tube to provide for limiting the axial 

10 travel of the.penetrating body 12. 

During use of a pericardial access device according to the invention, 
an incision^f sufficient size for passage of the guide tube is made hi the thoracic 
wait fo$ epcam^e in the subxiphoid regioiv using known methods. A second 
incision cajvbeii^ the thoracic cavity for 

15 visualization e£th$<pee£ss prpcedate. Alternatively* the assess procedure can be 
visualized with the aid of known e for 
example, fluoroscopy, ultrasound, etc. In a subxiphoid approach the device of the 
invention is advanced percutaneomly throu^ 

into tbemedia#inal-$pace until the distal end of the device contacts the pericardial 

20 surface of the heart The device is aligned at a desired location on the pericardial 
surface of the heart and suction is applied to the guide tube lumen to form a bleb of 
pericardial tissue that passes into the guide tube lumen, through the distal port and 
extending proximal to the shoulders. Once the bleb is formed, the piercing tip of the 
penetrating body is advanced distally to pierce the bleb. A guidewire is then passed 

25 through tile guidewire port through the lumen of the penetrating body and into the 
pericardial space. The device is removed and a catheter or other known material 
transport tube is guided over the guidewire into the pericardial space. The guide 
wire can be removed during fluid removal or administration of the desired material 
into the pericardial space. With a distal end of the material transport tube located in 

30 the pericardial space, a proximal end of the material transport tube can be fixed 

outside the patient's body, using known methods, for long or short term access to the 
pericardial space through the material transport tube. 

A pericardial access device according to the invention can be 
advanced through the skin incision to the pericardial surface of the heart for 

35 accessing the pericardial space. Alternatively, an introducer or cannula can be 

passed through the skin incision to the pericardial surface and the pericardial access 
device passed through the introducer to the pericardial surface. Referring to FIGs. 7- 
9, in another embodiment, the pericardial access device 10 can be passed to the 
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pericardial surface within m exterior sheath 60 ^^teviat attv^ibly scaled distal end 
61. w the embcKhment of FIG. 7, the distal end 61 of the exterior sheath 60 is 
reversibly sealed with a jemovable cap^6t. Thecap^Zlfc securehy attached to die 
sheath^ by *base>63. lTieremovabteeapi62 crate 
5 advancement of the device 10 within the sheath 60, 

Alternatively, as?shown in FIGs. 8 and 9, die distal end of sheath 61 
can be reversibly sealed by a mxdttflapthatch.64. Distal advancement of the access 
device l ftforces the multi-flap hatch 64 to ope»^sta%io^»e3dBH&ikati<m of 
the distal end 11 <jf die device- m,Wba&ito, aeeordii%io*this embodiment of the 
10 invention, die exterior sheath 60, including thei>erica^dfataccess device 10, is 

passed through the skin incision to a position near, btifrnol contacting, the pericardial 
surfece. Once at the desiiedpesm^ 
device 10 is distafiyAadvan^ 
die distal tip 30 of guid&tuhftdf&toie©^ 
15 location for piercing tte pericatdium. Thhs^the ettMiMttik^tfrf^fu.!**;,^ to 




i of the 

guide tube during placement. 

It will be appai^tto-onrof ordinary- slrilMn the art that many 
changes and modifications ^ ftom the 

20 spirit or scope of me appended claims. > 



■ Hi ■ 
2&: 
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1. A pericardial access device comprising: 

^(a) v a guide tube, said guid&mbe having a liimen and including: 
5 't*(i> v, aproxim&Kend; 'v 

(ii) a distal end, said distal end having a distal port opening into 
\ ' said lumen; ■+ ? ■.. v 

Oii) anaxially directed shoulder in said himcn near said distal 
port, 

10 (b) a penetrating body.axially nM)bile withia said guide tube . 

2. A pericardial access device according to claim 1 wherein said shoulder is 
continuous around 

15 3. A pericardial access device according to claim 1 wherein said shoulder is 
fc intermittent around a circumference of said lumen. 

4. A pericardial access device according to claim 1 wherein said shoulder is 
20 tube lumen. 

5. A pericardial access device according to claim 1 wherein said shoulder is 
formed by an axial thickening of a^wall of said guide tube. 

25 6. A pericardialaccess device according to claim 1 wherein said proximal end 
} i. includes a handle region. *rr>-. < * 
- - •» . . ..." 

7. A pericardial access device according to claim 1 wherein said proximal end 
includes a^vacuum inlet assembly 

30 

8. A pericardial access device according to claim 1 further- including a limHjng 
mechanism ^limiting distal ;travel^of said penetrating body. 

9. A pericardial access device according to claim 8 whereinfsaid limiting 
35 mechanism is in said handle region. 



10. A pericardial access device according-to claim 6 wherein said handle region 
includes a vacuum inlet assembly: ~ 
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A pericardial access device according to claim 1 further including an exterior 
sheath 



12. A pericardial access device according to claim I wherein said guide tube has 
5 an aspect ratio of at least 3:1 at said distaJ port c>nening of said distal end. 

13. A pericardial access device according to claim 1 wherein said penetrating 
body includes a lumen for passing a guide wire. 

10 14 - Apericaniiaka^^ 

body includes a needle. 



15. A pericardial access device;aecording toclaim ^fmQm^mpsimng a guide 
wire. 

16. A pericanii aT access device acro^ claim 1 further comprising a 
guidewire and a material transport tube. 

17; A method for accessing a pericardial space of a i^eiit c^mprising: 

(a) passing a tubular device to said patient's pericardium, said tubular 
device having a himen, said lumen inchldihg an axially directed 
< shoulder at a distal endathereof, 

25 - (b) applying a suction force through saklJumen^>§said tubular devi&to 

fonn a bleb of pericardium within said distal end of said lumen; and 



(c) penetrating said bleb of perirat^ 

through said tubular device himen to access the pericardial space. 

18. A method according to claim 1 7 further comprising passing a guide wire 



19. n iuwuuu ttwui uuiu iu ciaim ts xuraercompnsing'apstep oi passing a 
35 material transport tube over said guide wire to the pericardial space. 

20. A method acconiing to claim 17 wherein ^d device is passed to the 
pericardial enclosed within a sheath. 
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